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Background Numerical-solution methods for partial-differential equations (PDE’s) that govern
continuum fields often combine simple numerical tools. Two tools that are commonly used to
both develop and analyze numerical PDE solvers are Taylor series expansions (TSE’s) and cell-
based interpolation which is discrete-field reconstruction. These tools, however, are incompatible.
TSE’s are only valid in a region where the function and its derivatives are continuous. In contrast,
the continuity of interpolation functions and their derivatives is generally limited to one grid cell.
Recently, however, discrete-expansions (DE’s), were proposed and demonstrated [1-4] for multi-
linear (linear, bi-linear and tri-linear) reconstruction fields that are valid within a computational
domain; they properly account for reconstruction-field discontinuities across cell boundaries.

Objective Develop DE’s for a one-dimensional (1-D), non-linear reconstruction field.

Milestones Successful completion of the research effort will include the following milestones.

• Select and characterize a commonly used 1-D, non-linear interpolation function.
Characterization will include writing the function using various argument lists, and demonstrating
the continuity of the function and its derivatives within and across computational cell boundaries.

• Develop and test the TSE and multi-variable expansion (MVE) of the selected function.
While TSE’s only consider the local, cell-based position vector as an independent variable,
MVE’s consider this position vector and the constant cell-vertex data as variables for expansion.

• Develop and test DE’s for the selected function using the total-differential development
method [2-4]. Other development methods may also be explored but only if time permits [1].

• Document the research through a technical report and presentation. The research report and
the accompanying presentation material will be submitted for student competition.
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